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ALKYLENE OXIDE ADDUCTS OF ALIPHATIC 
AMINE HAVING REDUCED VISCOSITY 

Abstract of the Diacloaure 

The subject Invention relates to polyol coraposi- 
tions prepared by reacting an alkylene oxide with an 
aliphatic amine at temperatures preferably greater than 
125*C in the presence of at least 0.1 part of alkali metal 
hydroxide per 100 parts by weight of aliphatic amine. 

The resulting compositions may be used in the 
preparation of polyurethane products and may also be used 
nonionic surfactants. 
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ALKYLENB OXIDE ADDUCTS OF ALIPHATIC 
AMINES HAVING REDUCED VISCOSITY 

Background of the Invention 

1. Field of the Invention 

The subject invention relates to alkylene oxide 
adducts of aliphatic amines. The adducts are nonionic 
surfactants and may be used in the preparation of poly- 
urethane polymers. 

2. Description of the Prior Art 

It is known to make alkylene oxide adducts of 
aliphatic amines. In particular/ the reaction of ethylene- 
diamine with an alkylene oxide proceeds quite quickly 
because the ethylenediaroine serves as a catalyst to the 
reaction and the active hydrogen atoms are so reactive. 
Because of these circumstances it is not necessary to 
utilize increased temperatures or a catalyst for the 
reaction. These points are confirmed by the teachings of 
U. S. Patents 2,697,118 and 2,979,528. 

Summary of the Invention 

The subject invention relates to cogeneric 
mixtures of compounds having the following structural 
formula: 

n 



R-N 



(R»0) H 

X 

(R'O) H 

y 



wherein 
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R is au alkyl rad^ical having from 1 to 15 carhop, 
atoms and if n = 1 and R is an alkylene radical 
having from 1 to 15 carbon a.toms if n = 2; 
R' is an alkylene radical, which may be the same 
5 or different, having from 2 to 4 carbon atoms; 

X is an integer from X to 50 which may be the 
same or different; 

y is an integer from 0 to 50 which may be the 
same or different with the proviso that at least one 
10 y in the molecule is zero; and 

n is 1 or 2 . 

In accordance with the present invention R may, for 
example, be an ethylene radical, n may for example be 2, R* 
may, for example, be one or more ethylene radicals, 
15 propylene radicals or mixtures thereof and X may for 
example be an integer from 4 to 10. 

The compounds, as can be seen from the structure, 
have at least one active hydrogen bonded directly to the 
nitrogen atom. These products have lower viscosities 
20 than those products wherein all of the active hydrogen 

atoms bonded to the nitrogen atoms have been oxyalkylated. 

The compounds are prepared by reacting an aliphatic 
amine with an alkylene oxide in the presence of preferably 
at least 0.1 part of alkali metal hydroxide catalyst per 
25 100 parts of aliphatic amine at increased temperatures, 
preferably at least 125 **C. It could not have been 
predicted that these reaction conditions would produce 
these unsymmetrical structures. One would assume that 
symmetrical structures would be produced because of the 
30 high reactivity of the active hydrogen atoms of aliphatic 
amines. 

The subject compounds may be used in the preparation 
of polyurethane products and as nonionic surfactants. 
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Thus in accordance with another aspect the present 
invention provides a polyol blend comprising from 10 to 
90 parts by weight, based upon 100 parts by weight of the 
blend, of a polyoxyalkylene polyether polyol and from 90 
to 10 parts by weight of the polyol as defined above. 

The present invention in accordance with a 
further aspect provides a process for preparing a polyurethane 
foam which comprises reacting an organic polyisocyanate 
with a polyol as defined above optionally in the presence 
of a catalyst and/or blowing agent. The ratio of 
isocyanate groups of the organic polyisocyanate to active 
hydrogens of the polyol may range from 1:0.8 to 1:1,20. 

Description of the Preferred Embodiment 

As was mentioned, the subject compounds are 
prepared by reacting an aliphatic amine with an alkylene 
oxide or mixture thereof in the presence of at least 0.1 
part of alkali metal hydroxide at increased temperatures, 
preferably of at least 125°C. Those skilled in the art 
will know that equipment is needed and what precautions 
are necessary for preparing the subject poloyls. Therefore, 
a detailed explanation of the process will not be provided 
except in the examples which follow. 

The aliphatic amines which may be used in the 
preparation of the compositions of the subject invention 
have the following structural formula: 

Wherein R is an alkyl radical having from 1 to 15 carbon 
atoms when n = 1 and R is an alkylene radical having from 
1 to 15 carbon atoms when n = 2, and n is equal to 1 or 2. 
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Representative examples of such amines include methylamine, 
ethylenediamine, propylamine, butylamine, hexylamine, 
hexamethylenediamine and stearylamine . 

Alkylene oxides which may be used to react with 
the aliphatic amine Include ethylene oxide, propylene 
oxide, butylene oxide, and mixtures thereof. The alkylene 
oxides may be added individually or as mixtures to form 
heteric, block or mixed polymers. 

Preferably used as the alkali metal hydroxide 
catalyst, because of costs and availability, are potassium 
or sodium hydroxide. The amount of catalyst used preferably 
must be at least 0.1 part by weight per 100 parts by weight 
of aliphatic amine; from 0.2 to 0.5 parts of alkali 
metal hydroxide per 100 parts of aliphatic amine may, 
for example, be used. 

In accordance with the present invention from 4 to 
9 moles of alkylene oxide may, for example, be reacted per 
mole of aliphatic amine. 

The reaction preferably takes place at temperatures 
of at least 125^0. Generally, however, it is more 
preferred to use temperatures of at least 150 in order 
to produce compositions with the desired viscosity. 

The may be some unreacted aliphatic amine and 
impurities in the reaction product. However, these can 
be removed by distillation under reduced pressure or other 
appropriate separation techniques to isolate the desired 
product . 

The methods utilized for preparing polyurethane 
products from the subject compositions are well known 
to those skilled in the art. It may be useful to blend 
the compositions with polyols having lower reactivity in order 
to prepare polyurethane products, because it has been 
found that the subject compositions are highly reactive 
and that ^ 



the reactivity can be moderated by blending them with less 
reactive polyols. Because of their low viscosities it is 
possible to blend thera with polyols which/ because of the 
high viscosity, would not be acceptable for the preparation 
of polyurethane products. The resulting blend thus will 
have acceptable reactivity and viscosity. 

Polyurethane products are prepared from the 
subject compositions, or blends of the subject compositions 
and customarily used polyols, by reacting them with an 
organic polyisocyanate. Organic polylsocyanates which can 
be used to prepare the polyurethane products are those 
customarily used and may be represented by the following 
formula: 

R"(NCO) 

z 

wherein R" is a polyvalent organic radical which is either 
aliphatic, aralkyl, alkylaryl, aromatic or mixtures thereof, 
and z is an integer which corresponds to the valence of R" 
and is at least 2. Representative of the organic polyisocy- 
anates contemplated herein includes, for example, aromatic 
diisocyanates su6h as 2,4-toluene diisocyanats/ 2,6-toluene 
diisocyanate, mixtures of 2,4- and 2,6-toluene diisocyanate, 
crude toluene diisocyanate, diphenylmethane diisocyanate, 
crude diphenylmethane diisocyanate and the like; aromatic 
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triisocyanates such as 4,4' ,4"-tri-phenylmethane triisocya- 
nate/ 2,4,6-toluene triisocyanates; aromatic tetraisocya- 
nates such as 4/4'-dlmethyldlphenylmethane-2 , 2' , 5, 5' - 
tetralsocyanats/ and the like; aralkyl polyisocyanates such 
as xylene diisocyanate, aliphatic polyisocyanates such as 
hexamethylene-l/6-diisocyanate# lysine diisocyanate methyl- 
ester and the like, and mixtures thereof. Other organic 
polyisocyanates include hydrogenated methylene diphenyliso- 
cyanate, m-phenylene diisocyanate, naphthalene-1 , 5-diisocya- 

10 nate, l-methoxyphenylene-2,4-diisocyanate, 4,4» -biphenylene 

diisocyanate, 3,3 '-dlmethoxy-4,4'biphenyl diisocyanate, 
3,3'-dlraethyl-4,4'-blphenyl diisocyanate and 3 , 3 •-dimethyl- 
diphenylmethane-4,4'-diisocyanate. These polyisocyanates 
are prepared by conventional methods known in the art such 
as the phosgenation of the corresponding organic amine. 
Included within the usable isocyanates are modifications of 
the above isocyanat.es which contain carbodiiraide, allo- 
phanate or isocyanurate structures. Quasi -prepolyraers may 
also be employed in the process of the subject invention. 

20 These quasi-prepolymers are prepared by reacting an excess 

of organic polyisocyanate or mixtures thereof with a minor 
amount of an active hydrogen-containing compound as deter- 
mined by the well-known Zerewitinoff test, as described by 
Kohler in Journal of the American Chemical Society, Vol. 49, 
page 3181 (1927). These compounds and their methods of 
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preparation are well known In the art. The use of any one 
specific active hydrogen compound is not critical hereto, 
rather any such compound can be employed herein. Generally, 
the quasi-prepolyiners have a free isocyanate content of from 
20 percent to 40 percent by weight. 

As was indicated previously, the organic polyiso- 
cyanate ia reacted with the subject compositions or blends 
of the subject compositions and polyols customarily used. 
By "polyols customarily used" is meant polyols such as 
hydroxyl-terminated polyesters: polyoxyalkylene polyether 
polyols, alkylene oxide adducts of organic compounds having 
at least 2 reactive hydrogen atoms such as amines, and 
thiols; and hydroxy-terminated acetals. The amount of these 
polyols used is such that from 10 to 90 parts by weight are 
present per 100 parts of polyol blend. 

Any suitable hydroxy-terminated polyester may be 
used such as are obtained, for example, from the reaction of 
polycarboxylic acids of polycarboxylic acid anhydrides and 
polyhydric alcohols. Any suitable polycarboxylic acid may 
be used in the preparation of hydroxy-terminated polyesters 
such as succinic acid, glutaric acid, adipic acid, pimelic 
acid, suberic acid, azelaic acid, sebacic acid, brassylic 
acid, thapsic acid, maleic acid, fumaric acid, glutaconic 
acid, a-hydrorouconic acid, p-butyl-a-ethyl-glutaric acid, 
a,0-diethylsuccinic acid/ phthalic acid, isophthalic acid. 
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terephthalic acid/ hemimellitic acid/ and 1/4-cyclohexanedi- 
carboxylic acid. Anhydrides such as phthalic/ tetrachloro- 
phthalic, tetrabroraophthalic/ maleiCf and 1,4,5,6,7,7- 
hexachloro-bicyclo-( 2 ,2,1) -5-heptane-2 , 3-dicarboxylic acid 
anhydride also may be used in the preparation of the 
hydroxy-terminated polyesters. Any suitable polyhydric 
alcohol, including both aliphatic and aromatic, may be 
reacted with the polycarboxylic acid or polycarboxylic acid 
anhydride to prepare the hydroxy-terrainated polyesters. 
Representative examples Include ethylene glycol, 1/3- 
propanediol, 1/2-propane glycol/ 1/4-butanediol/ 1/3- 
butanedlol/ 1/2-butane glylcol/ 1, 5-pentanediol/ 1/4- 
pentanediol/ 1/3-pentanediol, 1/6-hexanedlol, 1/7-heptane- 
diol, 2-butene-l,4-diol glycerol, 1/1/1-trimethylolpropane/ 
1 / 1 / 1-trimethylolethane / hexane-1 , 2 , 6-triol / a-methyl 
glucoside/ pentaerythritol/ and sorbitol. Also included 
with the term "polyhydric alcohol" are compounds derived 
from phenolic compounds such as 2, 2-bis(4-hydroxyphenyl )- 
propane, commonly known as Bisphenol A and hydroxyalkyl 
ethers of such phenolic compounds such as bis-2-hydroxyethyl 
ether of hydroxyquinone, and the alkylene oxide adducts of 
the above-named polyhydric alcohols. 

The hydroxy-terminated polyester may also be a 
polyester amide such as is obtained by including some amine 
or amino alcohol in the reactants for the preparation of the 
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polyesters. Thus, polyester amides may be obtained by 
condensing an amino alcohol such as ethanolamine with the 
polycarboxylic acids set forth above/ or they may be made 
using the same components that make up the hydroxy-terrai- 
nated polyester with only a portion of the components being 
a diamine such as ethylenediamine. The hydroxy-terminated 
polyester may also be a hydroxy-terminated polycaprolactone 
polyol. 

Polyoxyalkylene ether polyols are preferably used 
as the polyol. These compounds are prepared by reacting an 
alkylene oxide with a polyhydric alcohol. Any suitable 
polyhydric alcohol may be used in the preparation of the 
polyoxyalkylene polyether polyol/ such as those disclosed 
above for use in the preparation of the hydroxy-terminated 
polyesters. Any suitable alkylene oxide may be reacted with 
the polyhydric alcohol to prepare the polyoxyalkylene 
polyol. Representative examples include ethylene oxide/ 
propylene oxide/ butylene oxide/ amylene oxide/ styrene 
oxide/ or mixtures thereof. Polyoxyalkylene polyols derived 
from two or more oxides may possess either block or heteric 
structure. In addition to polyoxyalkylene polyols/ other 
compounds such as polyols derived from tetrahydrofuran and 
alkylene oxide-tetrahydrofuran mixtures may be used. The 
polyoxyalkylene polyether polyols preferably have primary 
hydroxy 1 groups/ but may have secondary hydroxy 1 groups/ and 
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preferably/ are polyethers prepared from alkylene oxides 
having from two to aix carbon atoms such as polyethylene 
ether glycols; polyoxypropylene ether glycols and polyoxy- 
butylene ether glycols. The polyoxyalkylene polyether 
polyols may be prepared by any known process such aa , for 
example/ the process disclosed by Wurtz in 1859 and in 
Encyclopedia of Chemical Technology / Vol. 1, pp. 257-262/ 
published by Interscience Publishers/ Inc. (1951)/ or the 
process disclosed in U.S. Patent No. 1/922/459. Alkylene 

10 oxide adducts of Mannich condensation products are also 

useful in the invention. 

In addition to the polyoxyalkylene polyether 
polyols just described/ graft polyoxyalkylene polyether 
polyols may also be used in the preparation of the reactive 
polyol composition. These polyols are prepared by the in 
situ polymerization of a vinyl monomer or monomers in a 
reactive polyol medium and in the presence of a free radical 
initiator- The reaction is generally carried out at a 
temperature ranging from about 40**C to 150*C. A more 

20 comprehensive discussion of the graft polyols and their 

method of preparation can be found in U.S. Patents 
4,208,314; 3,383,351 (Re. 28,715); 3,304,273; 3,652,639; and 
3,823/201 (Re. 29/014). 

As was previously mentioned, other suitable 
polyols which can be used in the reactive polyol composition 
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of this invention include the alkylene oxide adducts of 
organic compounds having at least 2 active hydrogens/ such 
as amines and thiols. The alkylene oxides which are useful 
in this regard are the same as those described in connection 
with the preparation of polyoxyalkylene polyether polyols. 

Suitable thiols which may be reacted with an 
alkylene oxide include alkane thiols containing at least two 
-SH groups such as 1 # 2-ethanedithiolf l/2-propanedithioli 
lr3-propanedithiolf and li 6-hexanedithiol; and alkenethiols 
such as 2-butene-l/4-dithiol/ and alkynethiols such as 3- 
hexyne-l; 6-dithiol. 

Suitable polyamines which can be reacted with an 
alkylene oxide include aromatic polyamines such as methylene 
dianiline# polyaryl-polyalkylene pplyamine (crude methylene 
dianiline}/ p-aminoaniline; 1/ 5-diaminonaphthalene/ and 2,4- 
diaminotoluene; aliphatic polyamines such as ethylene- 
diamine/ 1 i 3-propanedlaroine/ 1 /4-butanediamine/ and 1,3- 
butanediamine/ as well as substituted secondary derivatives 
thereof. 

As was previously mentioned, hydroxy-terminated 
polyacetals may also be used as polyols in accordance with 
this invention. These may be prepared, for example, by the 
reaction of formaldehyde or other suitable aldehyde with a 
dihydric alcohol or an alkylene oxide such as those previ- 
ously described. 



In order to prepare a rigid polyurethane producti 
the organic polyisocyanate is reacted with the polyol 
component optionally in the presence of a blowing agent and 
preferably a catalyst such that the ratio of isocyanate 
groups of the organic polyisocyanate to active hydrogens of 
the polyol ranges from 1:0.8 to 1:1.20. 

Blowing agents which may be employed in the 
present invention are well known to those skilled in the 
art. Representative blowing agents include water/ fluoro- 
carbons such as trichloromonofluorome thane/ 1/1/ l-trichloro~ 
2/ 2/ 2-trif luoroethane , tetraf luoromethane/ bromotrif luoro- 
methane, chlorotrif luoromethane/ dibromodif luoromethane/ 
trichlorethylene/ chloroform/ carbon tetrachloride and low 
boiling hydrocarbons such as butane/ pentane and hexane. 
Included are the blowing agents disclosed in U.S. Patent 
3/922/238. 

Catalysts are also preferably employed. Catalysts 
which may be used include organometallic catalysts such as 
dibutyltin dilaurate/ dibutyltin dioctoate/ stannous 
dioctoats/ lead octoate/ and cobalt naphthenate; tertiary 
amine catalysts such as/ triethylenediaroine/ l/3/5-tris(3- 
dimethylaminopropyl)-s-hexahydrotriazine; and other cata- 
lysts customarily used in the preparation of polyurethane 
foams. 
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Other additives may also be included in the foam 
formulations* Included are surfactants such as the silicone 
surfactants^ e.g./ polyoxyalkylene-polyalkylsiloxane / and 
flame retardants such as tri3(2-chloroethyl)phosphate. 

The examples which follow will provide a detailed 
description of how to make and use the subject polyols/ but 
are not intended to limit the scope of the invention. The 
parts referred to in the examples are by weight and the 
temperatures are in degrees centigrade unless otherwise 
10 designated. 
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Examples 1-4 
All of the compositions were prepared in a 
stainless steel autoclave. In all o£ the Bxamples/ ethyene- 
diamine (EDA) was used as the aliphatic amine/ propylene 
oxide (PO) was used as the alkylene oxide# and potassium 
hydroxide (KOH) was used as the catalyst. These ingredients 
were chosen as typical reactants for the amine/ alkylene 
oxide and catalyst in the preparation of rigid polyurethane 
foam preparation. 

10 In order to prepare the subject compositions/ the 

liquid ethylenediamine and potassium hydroxide were charged 
to the reactor. The reactor was then purged with nitrogen/ 
pressure checked/ heated to the indicated temperature/ 
vented to 0 paiq, sealed/ and the contents were stirred for 
30 minutes* Then four moles of propylene oxide were added 
per mole of ethylene oxide over 7-8 hours at less than 90 
psig at the specified temperature. After reacting for 2-3 
hours at the indicated temperature/ the product was cooled 
to 30*C before discharging. The work-up of the product was 

20 usually performed by stripping at IIS'C at less than 10 mm 

mercury for 1 hour to determine the percent of volatiles. 
In needed instances; the stripped product was neutralized by 
using phosphoric acid or it was treated with an absorbent to 
remove the alkalirie catalyst. The viscosity of the product 
in cps was determined at 25^C. 
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The specific amount of catalyst used and the 
reaction temperature are provided in Table 1 which fol- 
lows* Table 1 also provides data on the viscosity of the 
compositions. 



-15- 



§ 



551 a S 



CO CO ^ Ok 

in in cTk 
r*. vD 



11 



{2 



^6 



CO 



0> 



§8 



s s s 



in 



1 



-16- 



1222528 



The data in Table I show that if the teachings 
described herein are followed/ it is possible to prepare 
propylene oxide adducts of ethylenediamine having low 
viscosities* These low viscosities result because the 
adducts produced have unsymmetrical structures as is 
suggested by the data comparing the total amino content with 
the tertiary amino content. 
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Compariaon Examplea 
Compariaon Example A 
In order to illustrate the effects of using no 
catalysts Example 4 was followed without the catalyst. The 
viscosity of the resulting product was 55 i 000 cps. 

Comparison Example B 
In order to illustrate the effects of using lower 
temperatures and no catalyst; Example 1 was followed except 
that the reaction was carried out at 125^C. The viscosity 
10 of the resulting polyol was 55,000 cps. 

These examples illustrate that unsymmetrical 
compositions can be prepared by using an alkali metal 
catalyst and increased temperatures when preparing alkylene 
oxide adducts of aliphatic amines such as ethylenediamine. 
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The embodiments of the invention in which an 
exclusive privilege or property is claimed are defined as 
follows: 

1. A cogeneric mixture of compounds having the 
following structural formula: 



R - 



(R'O) H 
^(R'O) H 



wherein 



R is an alXyl radical having from 1 to 15 carbon 

atoms when n = 1 and R is an alJcylene radical 

having from 1 to 15 carbon atoms when n « 2; 

R' is an alkylene radical which may be the same or 

different having from 2 to 4 carbon atoms; 

X is an integer from 1 to 50 which may be the same 

or different; 

y is an integer from 0 to 50 which may be the same 
or different with the proviso that at least one y 
in the molecule is zero: and 
n is 1 or 2. 

2. The composition of claim 1 wherein R is an 
ethylene radical. 

3. The composition of claim 2 wherein n = 2. 



1222528 



4. The composition of claim 3 wherein R* is one 
or more ethylene radicals/ propylene radicals, or mixtures 
thereof. 

5. The composition of claim 4 wherein x is an 
integer from 4 to 10. 

6. k process for preparing a polyol composition 
which comprises reacting an alkylene oxide with an aliphatic 
amine at temperatures greater than 125*'C in the presence of 
at least 0.1 parts of alkali metal. hydroxide per 100 parts of 
aliphatic amine. 

7. The process of claim 6 wherein potassium 
hydroxide is used as the alkali metal hydroxide to prepare 
the polyol. 

8. The process of claim 7 wherein the aliphatic 
amine is ethylenediamine. . 

9. The process of claim 8 wherein temperatures of 
at least 150"C are used to prepare the polyol. 

10. The process of claim 9 wherein from 0.2 parts 
to 0.5 parts of alkali metal hydroxide per 100 parts of 
aliphatic amine is used to prepare the polyol. 

11, The process of claim 10 wherein from 4 to 9 
moles of alkylene oxide are reacted per mole of aliphatic 
amine. 
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12. A polyol blend comprising from 10 to 90 parts 
by weight/ based upon 100 parts by weight of the blend; of a 
polyoxyalkylene polyether polyol and from 90 to 10 parts by 
weight of the polyol of claim 1. 

13. A process for preparing a polyurethane foam 
which comprises reacting an organic polyisocyanate with a 
polyol as defined in claim 1 in the presence of a catalyst 
and blowing agent. 

14. The process of claim 13 wherein the ratio of 
isocyanate groups of the organic polyisocyanate to active 
hydrogens of the polyol ranges from 1:0.8 to 1:1.20. 



